Shneerson, J M (1978). Thorax, 33,[747][748][749][750][751][752][753][754]. Pulmonray artery pressure in thoracic scoliosis during and after exercise while breathing air and pure oxygen. Pulmonary artery catheterisation was carried out in 25 scoliotics aged 13 to 67 years (mean 30 7). Each then performed a progressive exercise test breathing air, and 11 performed a similar test breathing pure oxygen.
Right ventricular hypertrophy in scoliotics was first observed by Corvisart (1806) and Harrison (1820) , who attributed it to the distortion of the large arteries. Bachmann (1899) detected it in 82% of 197 necropsies in kyphoscoliotics. Barie (1904) was the first to attribute it to pulmonary hypertension. The demonstration of this was delayed until the advent of cardiac catheterisation for clinical use (Schaub et al, 1954) . Soon afterwards Bergofsky et al (1959) showed that the cardiac output and pulmonary wedge pressures were normal. The right ventricular hypertrophy of the scoliotic is thus analogous to the cor pulmonale of respiratory diseases. Shneerson et al (1977) have shown that the mean pulmonary artery pressure at rest is inversely related to the arterial Po2, but there have been no adequate studies of the pulmonary artery pressure during exercise.
In the present study the mean pulmonary artery pressure has been studied both during and after a standardised progressive exercise test. The effects of inspiring pure oxygen have been recorded.
Methods
Twenty-five subjects (11 male, 14 female) with thoracic scoliosis gave informed consent to be studied. Their ages ranged from 13 to 67 years (mean=30-7, SD=127). The scoliosis was congenital in five, idiopathic in seven, due to poliomyelitis or other neurological disease in eight, and associated with Marfan's syndrome in two and neurofibromatosis in three. The age of onset, side, and level of the scoliosis were also noted. Thirteen had previously undergone spinal fusion. One subject had mild chronic obstructive bronchitis, but none of the others had any respiratory or cardiac disease complicating the scoliosis. The angle of scoliosis was measured by the method of Cobb (1948) . The functional residual capacity (FRC) inspiratory capacity (IC), vital capacity (VC), and total lung capacity (TLC) were determined in a constant volume whole body plethysmograph (DuBois et al, 1956) .
A saline-filled nylon catheter 1 mm external J M Shneerson diameter (Bradley, 1964) 
Results
RESTING PA PRESSURE The PA mean pressure at rest ranged from 10-51 mmHg (1-33--680 kPa) (n=25, mean= 19-8 mmHg (2 64 kPa), SD=9 5 mmHg (1-27 kPa)). The pressure was 20 mmHg or more in eight subjects (32%). In the 11 who exercised while breathing pure oxygen the mean resting pressure on oxygen was 19 1 mmHg (2-55 kPa) (SD= 7-2 mmHg (0-96 kPa)) compared with a mean pressure of 22-3 mmHg (2-97 kPa) (SD= 97 mmHg (129 kPa)) while breathing air.
MAXIMUM PA PRESSURE DURING EXERCISE The highest mean PA pressure reached during exercise breathing air ranged from 16-75 mmHg (2i13-10-00 kPa) (n=25, mean=35-8 mmHg (4 77 kPa), SD= 13-6 mmHg (1-81 kPa)). The pressure reached 30 mmHg (4-00 kPa) in 17 (68%) and 40 mmHg (5 33 kPa) in nine (36%) subjects. In the 11 who performed both exercise tests, the mean maximum PA pressure was 42-9 mmHg (5 72 kPa) (SD= 13-5 mmHg (1-80 kPa)) while breathing air and 37-7 mmHg (5 03 kPa) (SD= 10 2 mmHg (1-36 kPa)) while breathing pure oxygen.
PATTERN OF PA PRESSURE RESPONSE DURING EXERCISE
The mean pressure rose rapidly at the start of each minute at a higher work load and was almost steady for the last 30 seconds of each minute. The pressures recorded at the end of each minute increased linearly with the Vo2 and the work rate (fig 1) . The pressure response can therefore be described by the equation:
where s is the slope of the relationship between PA pressure and Vo2 (ie sPAP/Vo2) and c is the intercept on the y axis.
The mean sPAP/Vo2 was 27-9 mmHg/l/min 2) . The hyperbolic for all three volumes is confirmed b: correlation between the reciprocal of (that is sVo2/PAP) and VC, FRC, (fig 3) . The patient with chronic brc one other with polymyositis were exc these analyses.
The sPAP/Vo2 was unrelated to th4 of the subjects, the aetiology of the age at onset, the side or level of the s angle of scoliosis, and whether or n fusion had been performed.
The Pao2 ranged from 38-0100-5 m 13-40 kPa) (n=12, mean=73-8 mmHg SD=16-7 mmHg (2-23 kPa)) before c from 39-5-99-8 mmHg (5-27-13-31 kFi 76-0 mmHg (1013 kPa), SD=U (2-44 kPa)) immediately after exercise no correlation, however, between sPA Pao2 at the end of exercise, the chat during exercise, or to the drop in exercise or the Paco2 at the end of exe
The responses during the exercise t ing air and oxygen can be compared b! the sPAP/work rate (fig 4) . The values in the two tests were closely linked (fig 5) . The regression coefficient of the relationship was 110, indicating that inspiring pure oxygen only decreased sPAP/ work rate by about 9%. 6 The intercept (c) of the relationship between PA pressure and Vo2 ranged from 2 2-24 7 mmHg (0-29-3-29 kPa) (n=25, mean=111 mmHg sPAP Vo
(1-48 kPa), SD=5-0 mmHg (067 kPa)). It was 2 not significantly higher in those whose sPAP/Vo2 was 20 mmHg 1-1 min-m or more (n=12, mean= 12-4 mmHg (1-65 kPa), SD=6-0 mmHg (0 80 kPa)) than in the subjects with a slower rise of pressure (n=13, mean=l107 mmHg (1P43 kPa), SD= 3 2 mmHg (0A43 kPa)).
PA PRESSURE CHANGES AFTER EXERCISE
After exercise pulmonary artery pressure fell rapidly at first and then more slowly towards the pre-exercise level (fig 6) . Semi-logarithmic plots showed that the fall was exponential. The time constants after the test breathing air were closely correlated with sPAP/Vo2 (n=13, r=0 899 P<0001) and the final PA pressure attained during 1.5 the test (n= 13, r=0 877, P<0 001). They were not significantly different after the two tests (airmean time constant=84-5 s, SEM 17-6 s; oxygenmd Voj mean time constant= 105-2 s, SEM=22-3 s).
Discussion d with VC, Eight of the 25 subjects (32%) had pulmonary relationship hypertension at rest, defined as a mean pressure y the linear of 20 mmHg or more. The inspiration of pure sPAP/Vo2 oxygen lowered the resting pressure in 10 out of , and TLC the 11 subjects who performed both exercise tests. )nchitis and The mean fall in pressure, however, was only cluded from 3 2 mmHg (0A43 kPa).
The rise of mean pulmonary artery pressure e age or sex during exercise has been found to be linearly deformity, related to the oxygen consumption and to the ;coliosis, the work rate achieved. This has enabled the pressure iot a spinal response to be described in terms of its intercept (c) and rate of rise (sPAP/Vo2; sPAP/work rate). imHg (507-This is preferable to the use of the maximum (9-84 kPa), pressure achieved as this depends on the motivaIxercise and tion of the subject to keep exercising to his 'a) (mean= physical limit, and also varies according to the 83 mmHg exercise capacity of the individual. The mean . There was pressure at a specified V02, such as 10 1 min-', tP/Vo2 and is a better index than the maximum pressure. It nge of Pao2 does not differentiate, however, between the pH during effects of the individual components (intercept ercise.
and slope) of the pressure and, in addition, the tests breath-most severely affected subjects were unable to y examining exercise to a sufficiently great V02. The physiological significance of sPAP/Vo2 is that it is a measure of the pulmonary vascular resistance if 2Vo is proportional to the cardiac output and if the left atrial pressure remains constant during exercise. These assumptions were shown to be valid in scoliotics by Bergofsky et al (1959) .
In the present study sPAP/Vo2 was above the normal range in 76% of the subjects (Bevegard (Cournand et al, 1950) and after balloon-occlusion of one pulmonary artery (Emirgil et al, 1967) . In both conditions the volume of perfused lung is decreased, but the lung tissue itself is almost normal. This is also true of the scoliotic (Dunnill, 1965) .
The sPAP/Vo, breathing air was independent of the arterial Po2 immediately after exercise and its change during exercise. This contrasts with the inverse relationship between pulmonary artery pressure at rest and the Po2 in scoliotics (Shneerson et al, 1977) and chronic lung diseases such as chronic bronchitis and emphysema (Whitaker, 1954) and tuberculosis (Soderholm, 1959) . In addition, the inspiration of pure oxygen only diminished sPAP/work rate by 9%. Presumably any vasoconstrictor effect of hypoxaemia is quantitatively much less important than the anatomical restriction of the pulmonary vascular bed (associated with the small size of the lungs) in determining the pulmonary vascular resistance. It might be expected that in other lung diseases, such as chronic bronchitis, characterised by more severe hypoxia but less diminution of the pulmonary vascular bed, the effect of hypoxaemia would be more apparent.
The intercept (c) ranged from 2 2 to 24-7 mmHg but did not correlate with sPAP/Vo2. Inspiration of pure oxygen tended to decrease the intercept by lowering the resting pressure but to increase it by flattening the regression line between PA pressure and work rate.
The maximum pressure attained during exercise varied considerably, since it is determined by Vo2 max as well as the intercept and sPAP/Vo2. In the 11 subjects who performed both exercise tests the maximum PA pressure was lowered by a mean of 52 mmHg when pure oxygen was inspired.
The time-course of the fall in PA pressure after exercise has been examined in more detail than in any previous study. No data for scoliotics are available at all in published reports. Slonim et al (1954) observed that in normal subjects the pressure approached the pre-exercise level within two minutes of stopping exercise, and that the rate of fall was most rapid initially. The fall was exponential in these scoliotics, and this has enabled the rate of fall to be expressed as the time constant. In this way comparison between individual patients and between the two exercise tests can be made.
The time constants after the test breathing air were closely correlated with sPAP/Vo2 and the final PA pressure achieved during the test. Thus the more severe the pulmonary hypertension during exercise, the greater the pressure load on the right ventricle after exercise. In everyday life this ''post-exercise hypertension" may be an important, but hitherto neglected, element in determining the extent of right ventricular hypertrophy.
Inspiration of pure oxygen did not significantly influence the time constant of the pressure decay. This is not unexpected since oxygen has only a minor effect on the main haemodynamic change immediately after exercise-the fall in cardiac output. Adequate oxygenation, however, does decrease post-exercise hypertension by decreasing the PA pressure at the end of exercise via its two effects of lowering the resting pressure and the rate of rise of pressure.
